The Water Resources Management Division of the Department of Environment and Conservation performs routine water sampling to measure the physical and chemical parameters of select water bodies in Newfoundland and Labrador. Ionic concentration parameter measurement is performed during routine water sampling to complement some of the key indicator parameters measured in real time at these select water bodies. The collection, laboratory analysis and measurement of water samples is a time consuming process. Some of the common conducting ions measured during routine sampling are sodium, calcium, chloride and sulphate. These conducting ions can be estimated using continuously measured specific conductance after observing the effect of flow. The estimated measurement will help identify whether any local stressors are affecting the quality of water at a given point in time and hence save time and resources in performing routine sampling.
INTRODUCTION
The Water Resources Management Division (WRMD) of the Department of Environment and Conservation (ENVC) of the Province of Newfoundland and Labrador (NL) has established a near real time water quality (RTWQ) monitoring network throughout the province where key indicator water quality data are collected continuously. This water quality data can be used to monitor the health of aquatic ecosystems, establish trends and determine when specific water quality events occur. The information obtained from the network is needed by the WRMD to implement its mandate and allows managers and policy makers to make informed decisions on the early warning of adverse water quality events. The general public, policy makers, government agencies and private sectors greatly benefit from such timely data and information.
The water quality parameters measured through the real time monitoring system are water temperature, pH, dissolved oxygen (DO), specific conductance (SC) and turbidity. Percent saturation and total dissolved solids are two additional parameters calculated from DO and SC. These key indicator parameters provide significant information to better understand the water quality of a particular water body. Routine water quality grab sampling is also performed in these select water bodies. The grab sampling is part of the Dakota. El-Korashey () has applied regression analysis to estimate sodium and chloride in Bahr El Baqar Drain in Egypt using electrical conductivity as an explanatory variable. These studies show that regression analysis is the standard method for estimating and modelling the relationship between SC and water quality constituents. Since the grab sample is collected at the same time as the RTWQ parameter measurement, it is possible to correlate some of the grab sample parameters with the RTWQ parameters.
Among all real time parameters, SC is more likely to correlate with some of the ion dissolved parameters measured during grab sampling (Lind ) . This was evident in the recent advancement of RTWQ program in NL discussed in Harvey et al. () . While the earlier studies were able to identify that regression analysis models can be applied to estimate water quality constituents in real time (Ryberg , ) , there was a lack in identifying how the model can be used as an integrated tool as a part of the NL RTWQ program.
Although studies performed by USGS (Christensen et al.
)
showed the application of regression models in US water bodies, the method was never applied as an integrated This paper shows that it is possible to optimize the resources and sampling time resulting in overall cost and time savings under the RTWQ Program using real time ionic concentration estimation. This approach will help the WRMD estimate the water quality in real time without waiting for laboratory analysis results. It will be very useful where tight timelines, budget constraints and human resources limitations are matters of concern. It can also be used to estimate water quality variables at remote sampling locations that are expensive and difficult to access. The results of this report will help to better understand how local stressors can lead to increased ionic concentration due to resulting elevated SC at impacted sites.
At first the methodology applied in this analysis is 
DESCRIPTION OF SAMPLING LOCATIONS
Water quality sampling sites across the island of Newfoundland were used to analyse site specific relationships between real time SC and sodium, calcium, chloride and sulphate ions measured during grab sampling. These sites have been sampled extensively for the last 4-5 years. The sites were selected based on the degree of anthropogenic activity taking place and the amount of dissolved solid material received by these water bodies in order that comparative analysis can be drawn from the data obtained. Major industrial areas are also located within the drainage basin. Road salts are applied during the winter months which affect the water quality within the river. The river is highly impacted as a result of surrounding anthropogenic influence which affects the quality of water at the sampling site.
The Humber River is the second largest river on the island of Newfoundland. The sampling station was There are some transportation routes throughout the basin which are salted during the winter months. However, due to the large volume of water within the system, the ionic concentration is diluted.
Rattling Brook below bridge station was established in
December 2006 on the south eastern Avalon Peninsula.
The total drainage area is 32.57 km square. It is within the construction zone of a commercial processing facility.
Major work resulting from the construction of the processing facility occurs along the river and access to the sampling sites is controlled due to security and safety concerns. The river is moderately impacted with ionic concentration due to sparse population and the presence of the processing plant and facilities. To further measure the accuracy of the field instrument measurement, all the collected data are entered into a spreadsheet which is transformed into automated graphs.
REAL TIME WATER QUALITY MONITORING NETWORK
These graphs are used to identify visual drift, anomalous values and whether field instrument readings are within acceptable ranges for the given sensors.
Statistical analysis
Descriptive statistical analyses of the data for all four stations are performed for flow, SC and grab sample parameters (sodium, calcium, chloride and sulphate). Brook due to the presence of less than detection (LTD)
limit values and lack of enough variation in data values.
For Humber River the high volume in water in addition to high flow dilutes the ionic concentration of most of the parameter values.
Seasonal flow profile
Interval plots in Figure 6 show 
Ionic concentration and real time parameter variability
Based on the statistical measurements, the variability of the grab sample parameters for all stations was tested using box plots and regression models developed. Figure 7 shows the The weaker association is explained by P-value greater than 0.05.
The models obtained for Leary's Brook, Waterford River and Rattling Brook below bridge are used for validation. The
Humber River is not used since there was no variation in any of its parameter values.
Model validation
The graphs in Figures 13-15 show the ionic concentration estimation and validation of parameters used for Leary's Brook, Waterford River and Rattling Brook below bridge modeling. The OLS models from Table 3 were These key findings will lead to an added dimension for the NL RTWQ program whereby models will be developed across the network at select locations to estimate ionic concentration, where applicable. This added functionality will provide the general public, policy makers, government agencies and other stakeholders with additional data for use. More importantly it will allow regulators to address water quality issues in a proactive manner as they arise. Cl: 5.0-9.0 log(Cl) ¼ 0.092 þ 0.47 × log(SC) 12% 0.103 NA a R-square: the proportion of variation in the response data that is explained by the predictor. b P-value: statistical significance between the association between the response and predictor. c Bias corr.: bias correction performed according to (Duan 1983) .
anthropogenic influence within these rivers. In the case of Humber River with little anthropogenic influence, the ionic concentration of most parameter measurements were below the detection limit, and hence it was difficult to apply any statistical tests to identify if a relationship exists between real time parameters and grab samples. The This study will aid in estimating ionic concentration in real time for the sites where a good fit for regression was obtained. It will also reduce the time delay required to measure water quality constituents at the laboratory by estimating ionic concentration instantaneously. Using the real time parameter SC, the model will help predict the surrogate parameters (sodium, chloride, calcium and sulphate) in real time which can be viewed graphically. In order to maintain the accuracy of the model, it must be calibrated every year when additional grab samples results are available. This will adjust the model accuracies based on the updated grab sample values.
Potential parameters of interest can be estimated in emerging real time sites using real time parameters as predictors by applying the methodological analysis applied in this study.
One such parameter is total suspended solids (TSS) which can be estimated using real time turbidity. This would be beneficial to industries monitoring real time water quality parameters who would like to ensure that the TSS values are in compliance with the current regulations. Another area of application of this model methodology is to identify the impact of water quality due to the application of road salts.
Operational decisions can be made in a proactive manner when estimated data are readily available to stakeholders.
